The aim of the study was to determine the effect of growth rate and lean meat content in Pietrain×Duroc and Duroc×Pietrain hybrid boars on their semen characteristics. On the basis of the results of performance testing carried out on the 180 th day of life, the boars were divided into four groups according to their daily weight gain (I: 750-800 g; II: 801-850 g; III: 851-900 g; and IV: >900 g), and additionally into three groups according to lean meat content (I: 60-61%; II: 62-63%; and III: >63%). Ejaculates were evaluated for the following characteristics: volume, sperm concentration, percentage of sperm with progressive movement, number of sperm with progressive movement per ejaculate and per insemination dose, primary morphological defects and number of insemination doses obtained per ejaculate. Neither high daily weight gain in the hybrid boars during the rearing period nor their high lean meat content had a negative effect on their semen characteristics.
INTRODUCTION
The role of the boar and insemination is vital in achieving rapid and significant genetic gain; hence, in addition to normal development of the reproductive organs, high libido and high-quality semen, males should also have very good feedlot performance and carcass traits. The main objectives of genetic improvement of pigs are to increase their growth rates and lean meat content. However, apart from the benefits of intensive selection for these traits, it may have negative consequences as well, such as poorer development of the reproductive, digestive and musculoskeletal systems, an increase in circulatory system failure, and lower resistance to stress (Rydhmer, 1993; Kawęcka, 2002) . Some feedlot and reproductive characteristics are negatively correlated (Rydhmer, 1993; Weeb et al., 1998) . Łyczyński (1991) , in a study on the correlations between performance test results of boars and their suitability for breeding, found that the semen of boars with high weight gain was characterised by lower ejaculate volume and a lower total number of sperm per ejaculate. Falkenberg & Hammer (1989) found that boars with better musculature showed a tendency to produce semen with sperm of greater motility, while those with greater fat cover produced semen of inferior quality. The authors found a higher percentage of sperm with anomalies in the semen of boars with high lean meat content. Kawęcka et al. (2000) state that an increase in muscularity can cause a slight deterioration in semen characteristics in boars. The authors found low but favourable correlations between daily weight gain up to the 180 th day of life and certain semen characteristics in the boars analysed. Many authors, however, express the view that the correlations between growth rate and muscularity in boars and their semen characteristics are generally low and insignificant.
The discrepancies in results published by different authors may result from genetic differences in the animals tested and in the scale of the factors analysed. Boars of different breeds or hybrids may produce ejaculates with different physical characteristics (Bertani et al., 2002; Kondracki, 2003; Wysokińska & Kondracki, 2005) . Hybrid boars generally produce ejaculates with more favourable traits than purebred boars (Ciereszko et al., 2000; Kondracki et al., 2003; Szostak, 2003) . In a study by Milewska (2007) , ejaculate volume in Pietrain×Duroc and Duroc×Pietrain crossbred boars ranged from 238 to 245 mL, and sperm concentration from 343,000 to 356,000/mm 3 .
The aim of the present study was to analyse the effect of growth rate and lean meat content in boars produced from reciprocal crossbreeding of the breeds Pietrain and Duroc on their semen characteristics.
MATERIALS AND METHODS
The material for the study consisted of 1,150 ejaculates taken from 24 Pietrain× Duroc and Duroc×Pietrain boars used at the Sow Insemination Station in Białka. On the basis of the results of performance testing carried out on the 180 th day of life, taken from breeding documentation, the ejaculates were divided into four groups (n=6 each) according to the daily weight gain of the boars they were collected from (I: 750-800 g; II: 801-850 g; III: 851-900 g; and IV: >900 g), and additionally into three groups (n=8 each) according to lean meat content (I: 60-61%; II: 62-63%; and III: >63%).
The meat content was measured using a Piglog 105 ultrasound scanner by a Danish manufacturer. During the growth period the boars were kept in groups and fed complete mixed rations according to Anonymous (1993) . From the start of their exploitation for breeding (average age -18 months) the boars were kept in identical environmental conditions, in the same room, in individual pens with litter, and fed the same mixture, according to Anonymous (1993) .
Semen was collected from the boars every other day by the manual method, using a phantom. Directly following collection of the semen the volume of the liquid fraction, the percentage of sperm with progressive movement, and sperm concentration were assessed, and on this basis the number of sperm with progressive movement in the entire ejaculate was calculated. Sperm concentration (number of sperm per mm 3 ) was determined by colorimetric measurement using a Spekol 11 spectrophotometer. Sperm motility was evaluated using a light microscope at 200× magnification at 37 °C. Slides for morphological evaluation of sperm cells were prepared by negative staining with a 10% aqueous nigrosin solution (Bielański, 1977) . Morphological changes in the sperm cells were evaluated according to the classification by Blom (1981) . The observations were made under a light microscope at 1,200× magnification, with 500 sperm cells analysed in each slide.
The material was analysed statistically using one-way analysis of variance. The significance of differences between the groups was determined using Duncan's test. Table 1 presents the semen characteristics of the boars depending on their growth rate. The lowest mean ejaculate volume was noted in the boars with daily weight gain of 750-800 g (group I), which was significantly different (P<0.001) from the ejaculate volume for groups II and III. The greatest ejaculate volume was observed for the boars of group III (302.9 mL), and was significantly different from group I (P<0.001) as well as from groups II and IV (P<0.05). The highest sperm concentration was observed in the ejaculates of the boars with daily weight gain of 851-900 g (group III), which was significantly different from group I at P<0.001 and from group IV at P<0.05. The ejaculates of the group III boars also had the highest number of live sperm cells, differing significantly from the remaining groups.
RESULTS
The values for these ejaculate traits in boars with different growth rates influenced the number of insemination doses obtained per ejaculate. The highest number of insemination doses were obtained from the ejaculates of boars from group III (27.5) and the lowest -from the ejaculates of boars in group I (20.9). The differences between groups were statistically significant.
The semen of the hybrid boars obtained from reciprocal crossbreeding of the Duroc and Pietrain breeds had a high percentage of sperm cells with normal morphological structure, ranging from 74.6% to 80.6%. The highest percentage of sperm cells with normal morphological structure was noted in the ejaculates of boars with daily weight gain of 750-850 g. However, no significant differences were found between the groups of boars analysed.
The analysis of data presented in Table 1 reveals a tendency for improvement of semen parameters with increased growth rates in the period up to the 180 th day of life. Table 2 presents the average values for characteristics of the semen of the boars depending on their lean meat content on the 180 th day of life. The greatest ejaculate volume (330.9 mL) was noted in the boars of group III, whose lean meat content was over 63%. In the other two groups the average ejaculate volume was similar: 284.36 mL in group I and 282.12 mL in group II. The difference in ejaculate volume between the boars from the second and third groups was significant (P<0.001).
Sperm concentration in the ejaculates showed a tendency to increase as lean meat content increased. The highest sperm concentration was noted in the semen of the boars from group III, which differed significantly from groups I and II (P<0.05). With regard to the percentage of cells with progressive movement, no significant differences were found between groups of boars with different meat content.
A significant difference (P<0.001) was observed in the number of sperm cells with progressive movement between the ejaculates of boars with the highest meat content and the other two groups. Owing to the more favourable parameters obtained in the ejaculates of the boars with meat content exceeding 63%, such as ejaculate volume, sperm concentration and number of sperm cells with progressive movement, the highest mean number of insemination doses per ejaculate (29.9) was obtained from them. The differences between group III and the other groups were highly significant (P<0.001).
The highest percentage of sperm cells with normal morphological structure was noted in the ejaculates of the boars from group II with average meat content of 62-63%. However, no significant differences were observed between the groups analysed.
DISCUSSION
In order to achieve rapid genetic gain in terms of feedlot and meat characteristics in pigs, breeders order semen obtained from boars with very high performance testing results. Sow Insemination Stations attempt to meet this challenge and purchase boars with the highest performance testing parameters for semen production. The insemination boars included in our study had very good daily weight gain, ranging from 751 to 951 g (Table 1) , and in this respect their results substantially surpassed those of purebred Pietrain and Duroc boar populations evaluated in Poland in 2013 and presented by Eckert & Szyndler-Nędza (2014) . This is logical and consistent with the results of many studies, as in hybrid boars a heterosis effect results from cross-breeding between breeds.
Analysis of the traits characterising the ejaculates of boars with different growth rates revealed that boars with daily weight gain in the range of 851-900 g produced ejaculates with the most favourable parameters. They had the largest mean ejaculate volume (302.94 mL), differing significantly from the remaining groups. They also had the significantly highest sperm concentration and percentage and number of sperm with progressive movement. A study by Udała et al. (2005) found a somewhat lower percentage of sperm with progressive movement (72.16%) in the semen of hybrid boars produced from the same breeds.
The results obtained in this study for the quantitative and qualitative characteristics of semen depending on the growth rate of boars during rearing partially correspond to the results obtained by Kawęcka et al. (2000) , who found that young boars with somewhat faster growth rates have better semen characteristics. In a study by Falkenberg et al. (1989) , boars with higher weight gain exhibited greater sexual activity during semen collection. Sexual activity in males has a positive effect on semen characteristics (Oberlender et al., 2012; Kondracki et al., 2013) . The literature reports studies indicating that the rate of daily weight gain in boars is correlated with the size and weight of their testes, which according to many authors is closely linked to semen production (Schinckel et al., 1983; Toelle et al., 1984; Young et al., 1986) .
Faster weight gain in animals is correlated with sexual maturation, which may positively influence the process of spermatogenesis in boars during the period of exploitation. Łyczyński (1991) , in a study on the relationship between performance testing results in boars and their suitability for breeding, found that increased daily weight gain shortens the period of exploitation for breeding. The author states that the semen of boars with rapid weight gain was characterised by lower volume, higher sperm concentration and a lower total sperm number per ejaculate. In a study by Milewska (2007) , boars with high weight gain produced ejaculates of significantly lower volume than boars with lower weight gain. However, these ejaculates had significantly better parameters in terms of the percentage and number of sperm with progressive movement, which is consistent with the results of our study. In contrast, a study by Fiałkowska et al. (2000) suggests a lack of influence of growth rate in boars during rearing on the characteristics of their semen.
The number of insemination doses per ejaculate is very important and directly influences economic effects from semen production. A similar number of insemination doses per ejaculate from hybrid boars produced from the same breeds was also noted by Borucka-Jastrzębska et al. (2008) .
Our results pertaining to the effect of lean meat content of boars on semen quality indicate that the meat content of the Pietrain×Duroc and Duroc×Pietrain hybrid boars measured on the 180 th day of life had no negative effect on most of the semen characteristics analysed. However, a decrease was noted in the percentage of sperm cells with normal morphology in the semen of boars with lean mean content exceeding 63%. The percentage of primary morphological defects (15.7%) was also higher than in the other groups of boars.
Excessive muscle growth in young boars during the rearing period may inhibit development of the testes, which in turn leads to a delay in sexual maturity and decreased serum concentration of sex hormones, and in consequence to lower semen quality (Dziadek, 1999; Kawęcka et al., 2003) .
CONCLUSIONS
High daily weight gain in the hybrid boars obtained from reciprocal crossbreeding of the Duroc and Pietrain breeds during the rearing period had no negative effect on the characteristics of their semen. The most favourable semen parameters in terms of insemination were noted in the boars with daily weight gain of 851-900 g. The differences between the semen of the boars of this group and the remaining groups were statistically significant for most characteristics.
Boars with high lean meat content (over 63%) had significantly greater ejaculate volume, higher sperm concentration and more sperm cells with progressive movement, which translated to significantly more insemination doses per ejaculate in comparison with the other groups of boars.
The ejaculates of boars with the highest meat content had a lower percentage of sperm cells with normal morphological structure. However, these differences were not confirmed statistically.
